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Ecotoxicological End-points on Intertidal Mud Crab,
Macrophthalmus japonicus, following
PFOS (Perfluorooctane Sulfonate) Exposure
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Abstract - PFOS (perfluorooctane sulfonate) is one of the perflourinated organic compound,
which persist as a residual compound in the coastal environments. Intertidal mud crab Macroph-
thalmus japonicus mainly inhabits in coastal and bay ecosystems in Indo-Pacific region including
Korea and reflects to environmental changes. In the present study, M. japonicus were exposed to
different concentrations of PFOS and various ecotoxicological end-points such as survival rate,
elimination of appendages, changes of the crust and internal organ color changes were investigat-
ed. Interestingly, the PFOS exposure showed concentration-dependent decrease of survival rate.
High PFOS exposure (30 ug L™!) showed a low survival rate of 24% at 168 hours. Further, in
comparison with the controls, the rate of elimination of appendages was also considerably incre-
ased in a time dependent manner upon PFOS exposure. Notably, with progression of time, an
increased exposure to PFOS, test species showed whitening effect in a concentration-dependent
manner, whereas the crab crust color was unchanged in the control. In addition, change in inter-
nal organs color and their visibility (clarity) observed in PFOS exposed crabs compared to con-
trol. Taken together, we suggest, eco-toxicology end-points of M. japonicus exposed to PFOS gave
important biological information which could be useful to identify toxic contamination in the
marine benthic environments.

Key words : Macrophthalmus japonicus, perfluorooctane sulfonate, tidal ecosystem monitoring,
ecotoxicology, end-point
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(Renzi et al. 2013). #=3}13}5-2 37 FolA A £
s=A] gkom A Wl ;Mg 2FI7] WE
of flsiAde]l EE= EH=EA o4A dok(noue et
al. 2004). PFOS (perfluorooctane sulfonate)x= E-3-z}-E-3}
3ghEe] EalHE AN el B0 dFow
A A3 AE A de] Exshe B3|t (Giesy
and Kannan 2001). I£3F, PFOSE ZZ2$oA] A e =
W7 = 9] o (Kannan et al. 2005), AE AHA =2
FHES /e 5AS B9, o8 3AwA ° Azt
o] FeM Koz wrx==e FE vk (Martin
et al. 2002; Stock et al. 2004). 20023 OECDe¢|| A PFOS
o] fafAdel dsl =S 3 A3} PFOSE 37 %
o2 »ZHW 7o AiFsle] AEe $sAde] vt
3 5 9lgdx ®3E 9l en (OECD 2002), 2009 5%
292 At Al AR Al4x} A5EFJHF A FE
3ol A PFOSE At AE4 24 AlhE s

PFOSE 3tAAIRA o= FU¢)e] x| (Strynar and
Lindstrom 2008), =} (Higgins et al. 2005), ©}eFst 3 <F
3174 (Yamashita et al. 2005; Nakata et al. 2006; Bossi et
al. 200904 SIS, $eifel Aol da s T
=3} dBo| A= Ex| 3t} (Zareitalabad et al. 2013). =4
AARA 7 W=, Bolx= 0.67~415.67 ng L717}
2 A1 2000.2ng o] Uiehde Q3 ARA| ol A
ok 32 gkl BRAYE ol v, Qeshe v)
53 AR A =2 7ho] BaE¢lt}(Korea Ministry
of Environment, 2007). 2| AJal ¢1gtel| 2] PFCs 3 PFOS
o] 2w} BolAit 0.35~47ng L7}, BA o A=
0.2~5.8ng o] Yepgozxn vlwAd AL $3271 By
59} (Naile er al. 2013). PFOS: 3H7 Zo] #157-3}e]
salslo], 4 - Ao AAARA dFE wA 4
glowz PFOSH| o3t AP 97 Baiol
A 553 ot

A (Macrophthalmus japonicus)= AR 5% A7t
A el &3h, s2lviel 238 o] 55 Al 93 A
) A G A] #2ZE = Fo|t} (Hong et al. 2006). 27|
270 A f71E S 53 A o
A5k, 220 Aol 2A1HE "vt=s
e AL AbATFI w3 %
(Otani et al. 2010). =3}, M. japonicus=

=22 x| AAlZHA o] A|3HA o]od A z7h:ﬂ

ke d S gle A2 A E*éi%*alfﬂ °] &
shef sl RARIEDe] Foab olgd 4 ot
(Ortiz-Zarragoitia and Cajaraville 2006). t}2}r], Z 7kt o)
XA s+= M. japonicus= PFOS$} 7+2 317 A7
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4 A7l WS 47 AmABolhT T 4
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PFOSE ¥ Fo oAzt Z3sbm (Giesy and
Kannan 2001), 225 AXFllAME 7540 Ru=g)
o} (Nakayama et al. 2005). $A}2] (Oryzias latipes)ol| A
PFOS: AA7rasl 22 27 AAA el 71384
oJ8Fe Fo} (Fang et al. 2013). =3t o8] ZE Alg 6|4
PFOSE b} W 7] %ol J3Fe mA= o= By
e}t (Liu et al. 2007; Qazi et al. 2009). ®1Z2A] (Charybdis
japonicay= FY=Fe] xF HAE df, AR AL 7]5
Z}o] S W9l ow (Wang er al. 2013), Bisphenol A2} 4-
Nonylphenol =32 £3t 7z} %] HSP70 42} 43
of wg 2ol ]l AF7t Bi¥ <l (Park and
Kwak 2013). A Z1 M. japonicusdl o3 &
wolste] Thegedel BE AN FAds Bael 4
FAoll o3t A (Korea Ocean Research and Develop-
ment Institute. 1992)7} ¥ 1% gl om X]Z7}x] PFOS$}
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2. 239 3 A=

xZE2 el PFOS (perfluorooctane sulfonate, Sigma-
Aldrich St. Louis, MO, USA)= 4 £3jjxr} Jdowma,
o}A] & (acetone, CH;COCH3, Kanto Chemical Co., Inc.)el]
= 1000mg L' stock solutiong ZA| 8} A}-8-3}5i
iiiﬂ% 242 (315 mm X 450 mm)S- o] £3}e] 7
A7t f3slgdon], x 2= 0,1,10,30pug L '2 A
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% 3L X2 npERE AL 22+41°C, 9=
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4. 5AA AREA

PFOS =2 w3t AAe] B& BAH Aol
FAHEA (ANOVA, $-24% a=0.05)< }

dolele BF+EA oz EASIS. w7 A
T d27 Afole] 917 Aol w)wsr] $13 SPSS
12.0KO (SPSS Inc., Chicago, IL, USA)Z o]-£-3}o] Tukey’s
testz BA 3ok P<0.058 BAH R FoffFor
A4S,

AL 54 =23AFNA 712H<d AE kS
vkl sli=1d] PFOSe| =% M. japonicus= 484715
AEL2] ztol7t RAFH AT (Fig. 1). =F384A4] o2

= NA S AEEL 144A7H(DO)7EA] WL §lom,
a2t el 1681 7H(D7)el A 98% 02 FFAstslvt
(Fig. ). AdH o2 #Axxql lugL™' PFOS =% A,
M ZEL-2 1204 7H(DS5)7HA| = 100% o], 144 A] 7F (D6)
HE 96%=2 A F, 168X 7 (DA 92% = 7343}
e}, PFOS 10 ug L'ef] =2
48/~] 7H(D2)ell 96%, 96 A 7+ (D4) 88%, 144X 7+ (D6) 80%

2 w3A0 AEdos Faggch 4UE mymel
30 ug L' PFOS =24 48417+ (D2)oll 96%, 964 7+
(D4)el] 92%, 144X 7F(D6)ol| 76% 2 A7} o|&H o
2 AEE FaHUH xF TIA 168A7e] M.
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Fig. 1. Survival rate (%) of M. japonicus crab after PFOS exposure.
The experiment was conducted in triplicate and the data are
expressed as the mean= SD. An asterisks indicates a statis-
tically significant difference, p<0.05 compared with the
control group.
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w8 1ug L7} 92%, 10ug L' 71 80% o)1=, 71%%31 30
ug L7} 76% 2 PFOS k2 ko) &2 oz P29
Hage Falstad

2. 552 28 Wx

PFOSY| >=Z% M. japonicus®] xZ Al = gty 1
%219 NgE sk (Fig. 2). 2ol A 244]7F
DW= 532 D2te] 0%, 96A17H(D4)ol| 8%, 1684]
Dol 15%2 Jebgoh =& AP lug L 'olA =
PFOS =& & 24A17F (DDA 50%, 96X ZFH(D4)el| 57%,

100 4 e i
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Fig. 2. Frequency of falling appendage on M. japonicus crab after
PFOS exposure. The experiment was conducted in triplicate
and the data are expressed as the mean=+ SD. A double aster-
isks indicates a statistically significant difference, p<0.01
compared with the control group.

A

168A]2H(D7)oll = 70% 2 H-<44] el =7} $718ks] v
10ug L™ PFOS =Zol| A H4:x] &gul == 244]7+(D1)
o 57%, 96217k (D4)ell 90%, 168X ZF(D7)ol| 97%= %
=271 el =715k 30 ug L' PFOS k2o
2421 ZHD) 77%, 96X 7F (DAYl 97%, 168 4] ZF (D7)l
100%2 Jeht} #HAH o=z PFOS k25w »ZA|7)
ojEX oz A9 R&X] delwr} Lojyrh

3.317F M) Wit

PFOS xZol| w2 M. japonicus 7t7+8] A wislz 3
A3 A, xF F Azbe] 7l wet Fze] gk
Aoz Wal|7l= W33 A} (Whitening event)o] velydoh
(Fig. 3). PFOS =% 79 &, %xd| w2 M. japonicus2)
RS AT (Fig. 4). z22] A2 Aol
Argate] Z13 3AMS ® oo (Fig. 4A). Bbdel, s
=9l lugL™! PFOSe| 2% M. japonicus= A2 o

S| AlS e, BEHg oz sk WsE)rt
HAFS Wolo}(Fig. 4B). 10ug L™ PFOSel| »%
M. japonicus= W 3t8AFo] vYeht= WA o] Frts}
9o} (Fig. 4C). 30 ug L' PFOSel| =2 M. japonicus®)
272 g 5] WataAdom Qs kA Wil e
w, 3] o] g2 ML {4519} (Fig. 4D).
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Tl (Fig. 5). E2L M. japonicus= AAH o2
AHst Moz xAe] A7} Haladet (Fig. 5A).
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Fig. 3. External change of M. japonicus crab exposure to control (A) and 30 ug L™' PFOS exposure (B) for 7d.
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Fig. 4. Change of carapace color on M. japonicus crab after PFOS
exposure for 7d (A=control, B=1ug L™, C=10ug L',
D=30 ug L™"). Dotted circle indicated expanded whitening
event of carapace.
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Fig. 5. Changed color of internal organs on M. japonicus crab after
PFOS exposure for 7d (A=control, B=1ug L™, C=10 ug
L, D=30ugL™.

o} wlew e weie e 227 }94 37
7} 284 231900 (Fig. SB). 10ug L' PFOS

ol %% M. japonicus= o) 27l v]s] W o,] kAl
wol Yol m, 24 2+ AA = B el o}
E]—‘/H:]-(Flg 50). 2% =] 30ug L' PFOSe] x=2% M.
japonicus= A3 AWz A] Z z}o]E vpele] Wi
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Fig. 6. Image processing analysis of internal organ color on M.
Japonicus crab for 7d after PFOS exposure. The experiment
was conducted in triplicate and the data are expressed as the

mean £ SD. An asterisks indicates a statistically significant
difference, p<0.05 compared with the control group.

< o83l FAF}sl] BAI A 2L HEA
Aol Wxrl 100%Y o, lug L™ PFOSe| x=Z% A
9] 141-‘?—3,7] A WEX 67%, 10ug L A= 429%, 1%
=2l 30ug L' PFOSO| A= 40%2 e ¢} (Fig. 6).

| &t

PFOSE sHastslgge] wal=e oAl et
474 wie AR B4 FAlEd Uei )
o} (Inoue er al. 2007). PFOS:= Q17}3} ¢} 7+& z 47
A A3} 4stA =< o (Martin er al. 2002;
Stock et al. 2004; Nakayama et al. 2005), &l of &2 FH
A]-oi tf]— oﬂ—"— 1:‘31;]. 71;-71-EL =9 ]- /\lak;(}
= A9 AR Jeld Bepdes Be 97ob B
9) T} (Martin and Davis 2001; Liu and Cui 2010; Mao et al.
2012). €3], M. japonicus= 71 AefA oA A4} &
& el T Je AW, §7122 425 A
A A E =9FE Fo|7|= sl M. japonicus
el A ] £ A E A (Choi and Jung 1995)
7} e, 1FAF =2 7A¥ (Rho and Kim 2004), 14
A2 Aol A (Seo and Hong 2006) $-AHZFo 2 H 11
ot} =3, M. japonicus$} M. banzai®] A ARAAS
A3 BN QT84 or (Horii er al. 2001), M.
japonicus®] WRzZg o gete] Rl ol BN I A
g EAl dF7F B aEe] 9ioh(Kim et al. 2006). 374 &

rlr ruE
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HEAQ =g el W M. japonicus®] o33kl
e B 315 7] %= 8}t (Korea Ocean Research and Deve-
lopment Institute 1992).

B o For= PFOSY| =% M. japonicusZE HAFo
2 AEE oA Dok 2el A s 3 Wy 9
A w3 jEE Bt PFOS A9 oJ3ka AlxFo
2A 9] ZAA 7EAE et A} st PFOS xZoll
wk2 M. japonicus®] AEEL =EAT HEH o= 7
A3l J”lSE B (Fig. 1). o] A3= Oryzias mela-
stigmao| A12] PFOS 3ol W3t &89 Zhie}l {4}
3}9d v} (Fang et al. 2013). =3k, PFOS 2ol o3t X<
A e 3L 24h, 96 he} 168 h (7D)=F A7)
Zhol] whel H&2] wet vliwr) FUtEE How vely
o} (Fig. 2). &€ a3 FAHA M. japonicus
o] R&A] &2tx PFOS k&5 =t kEA|7tel uhet
vl =7} 273t et. M. japonicuse] 73Z+e] A2 PFOS
% Z7b) we WERge] Frmelxs BAZGe
o (Fig. 3). & A71e] A Adg=et x4 7+ 7
PFOS x=Z%F =7} Z71gel wet Zage] FAHA
o} (Fig. 4). PFOS &5l gt R4z et
7F A7 Ae] At 2 F v
of wls] FolA ZeldE el o3 A,
PFOS =40 ube} Al AEA whgAe] & A
=710] el gl o)== zebrafishE tjAto 2 PFOS
Z A Aol vebd e 7185 22 54 oJF
| whe AR w23 S Agekn @ 4 alekChoer
al. 2010). WA, S EA w2l e Fept Ao
e HERYEES AT T3 AE A H7)
o] Zof] (Qu et al. 2009), PFOS %) w2 M. japonicus
o sl A7k A} v ) el A wske e
ge| 583 HPPoz ANHIA Pk PFOS 1w34]
23 wzpwe] vldsel ehbs 4B we @

b71e] A wshe doF AeEel e
9 3 falEd Bl ool Fo Auz 22D 4
o]
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PFOS?] 374 #tFAoz thofst A Eor] SA]odsk
o digt AF7} o] FoiA 2 3t} (Zhao et al. 2012). 3 F

[e]
A% F AAE S2AT B ot AT

4 et meEb XA A 837 A RA RS
SAE zA7o A3 AxAEe] @ 4 Sl
A5 ZA| | £3}:= Siriella armataS o=
PFOS¢} PFOA =24 82 53 =3 33E2] At
2 Q)3 Ao] zALE o] % 2m] (Mhadhbi et al. 2012), 37

% PFOS®] AA| A3 3 £25 odotr7] 95t =
2 A Aoz A FHske] 2AHTI= 3T
(Naile et al. 2013). M. japonicusol|~] PFOS ZAdol djgt
AFE= Bag vl glovk M. japonicus AWl 7}=Fo)
A" o] B 3159 ©n (Korea Ocean Research and Deve-
lopment Institute. 1992), BPA2} NP =ZA] C. japonicus
o] =AY HSP70 442 wal o] zfo]A A7} M
o] o} (Park and Kwak 2013). PFOS 30 AX]Fol A
t 7+5AE 08 (Nakayama et al. 2005), zebrafish
o 27] o WARHAAE Vool Ge Fol A
£, 908, 054 9 SRR Aolsh vheike w
3} eh (Fang er al. 2013). B Ao E Y AJAls)=
27 M. japonicuss A} oz A SA uk-g-o] #A
Yoz S1¥A, WA WHAA chpsA 2absa
o). PFOS x=Z5 =} Azt we} yEge] s, K4
A wrebee] 27), 27k wskAA Z7ke v 4]
A9 WSl ebde Hestash o Ase M
japonicus®] §3EA xZo) w2 AJEIH w7
» oot sleyaAe] falsigERe s 4eA U
e AT FoT A4 A9 PPgos B4

4 A& ot

o
oX }‘N’

¥ 2

PFOS (Perfluorooctane sulfonate) =2 w2 Macro-

phthalmus japonicus®] e SA2 A -H & A3t
A AEE 4 = 427 9 g A2 wste
AR H. 1 A3, PFOS 2ol o AEE2] i
t vx oEH dRE ¥o] AdA =<l PFOS 30

ug L7'oll A 168417t %A 24%°] 714 e AEES
Heb et &2 ' d 2ol vls) PFOS x=&+
A el et Zr)1skgeh wat g zZaA= 7k
o] wizrh fAE A gkgkont, PFOS =&l A= W3}
Hafel w=olEA drloz IAHAG W A7)
A AW zx PFOS koAt wls] Wi}
viebstel ol2lg Asbe sl AMRAL] RUHY S

A AEH Fod ARE AFH £ Aot

At At
o] R FFATAT xATFAI L A QP& o}
235 ol 73] (NRF-2013-R1A2A2A-01004914).
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